ABSTRACT
Introduction
Hypericum has been used for centuries in the treatment of burns, bruises, swelling, inflammation and anxiety, as well as bacterial and viral infections (1, 13) . One of the most important species of this genus is Hypericum perforatum which has been used in herbal medicine externally for the treatment of skin wounds, eczema and burns and internally for diseases of the central nervous system, the alimentary tract and others (14).
The Hypericum species (H. rupestre Jaub. & Spach, H. vacciniifolium Hayek & Siehe and H. imbricatum Poulter) used in this study are endemic to Turkey and the EuroSiberian area. During our field studies, it was determined that these plants have been used for ophthalmia, eczema, swelling, bruises and wounds.
In Turkey, antimicrobial resistance has clearly emerged as a serious problem with MRSA (methicillin-resistant Staphylococcus aureus). The aim of the present study was to screen three endemic Hypericum extracts that have been shown earlier to have antimicrobial activity against hospital isolates of methicillin-resistant Staphylococcus aureus (MRSA). 
Materials and Methods

Plant Materials
Preparation of Extract
Arial plant parts were air-dried. Each dry powdered plant material (20 g) was extracted with 150 mL of 80% Ethanol (Merck, Darmstadt, Germany) and 150 mL of distilled water for 24 h by using Soxhlet equipment, separately (11) . The extracts were filtered using Whatman fitler no. 1 and the filtrates were then evaporator at 55°C. Dried extracts were stored in labelled sterile screw-capped bottles at -20°C.
Microorganisms
Thirty-five clinical isolates of MRSA (BD 01-BD 35) were kindly provided by Research Hospital of Medical Faculty of Trakya University, Edirne, Turkey and Uludag University, Bursa, Turkey.
Screening for antibacterial activities
The dried plant extracts were dissolved in 10% aqueous dimethyl sulfoxide to a final concentration of 200 mg/ml and sterilize by filtration through on 0,45 µm membrane filter.
The MIC was determined by micro-dilution methods (12 MBC was determined by subculturing the test dilution on the fresh drug-free solid medium and incubating further for 18-24 h. The highest dilution that yielded no single bacterial colony on a solid medium was taken as MBC.
Results and Discussion
Significant antibacterial effects, expressed as MICs and MBCs, of crude extracts prepared from Hypericum rupestre, H. vacciniifolium and H. imbricatum against the 35 isolates of MRSA are listed in Table 1 . Ethanolic extracts of H. imbricatum were among the most active against the MSRA isolates, with MICs and MBCs of 0.1-0.4 and 0.4-1.6 mg/mL, respectively. Notably, antibacterial assay indicated that the ethanol extracts of Hypericum species used in this study were more efficient than the aqueous extracts. In previous study, ethanol was observed as the best solvent for extracting antimicrobial assays (20). The results obtained from this study with ethanol are supported the fact that the active compounds are concentrated more in this solvent. Many extracts of Hypericum plants possess antibacterial activity toward Staphylococcus aureus, and the metabolites responsible for these activities are likely to be prenylated acylphloroglucinol natural products related to hyperforin (4, 5) . Xanthones, flavonoids, flavone glycosides, and acylphloroglucinol natural products have been isolated from the two species in previous research (2, (6) (7) (8) (9) (16) (17) . The Hypericum species used in this study have been shown earlier to have antimicrobial activity against some bacteria and the yeast cultures (3) . In that study, the methanol extract and chloroform fraction of H. vacciniifolium, as well as the methanol extracts, butanol and chloroform fractions of both H. rupestre and H. imbricatum, showed good antimicrobial activity against especially Gram-positive bacteria and the Gram-negative bacterium Bordatella bronchiseptica. The methanol extracts of all three Hypericum species have a strong antibacterial effects against Staphylococcus aureus ATCC 6538P. In another study, anti-staphylococcal acylphloroglucinols were isolated from the dichloromethane extract of the aerial parts of Hypericum beanii (15) . The minimum inhibitory concentration (MIC) values the acylphloroglucinol mixture against a panel of multidrugresistant strains of Staphylococcus aureus ranged from 16-32 lg/mL to 128-256 lg/mL, respectively. According to our findings, all Hypericum species have strong antibacterial activity against methicillin-resistant Staphylococcus aureus. This activity may be indicative of the presence of metabolic toxins or the plant compounds. So, this situation provides a support to the use of these species in traditional medicine for treating skin diseases such as infected wounds and abscesses. Further phytochemical studies are required to determine the types of compounds responsible for the antimicrobial activities of these medicinal plants.
